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Foliage Plants for Removing Indoor Air
Pollutants from Energy-efficient Homes'
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The secumulation of guseous 1osic substances in the air of poorly vemtilated
places has been known for many yairs, but only in recent years recognided as a
paten sl snduor health huzwrd i energy-eilicient homes {Mational Reseurch Couns
ail, 1980, 1931ab), Owing 10 the ubiquitous and increasing use of resing and
solvants in most matenaly found inside modern homes, indeor air pallutants such
as formaldehyde have increased significantly over the past years. The adaprion
of energy-saving proposals 1o reduce veniilatlion rales in homes has apgravated
problems ol indoor pir quality and increased potential health hazands, One sludly
of an encrgy-ellicienl home with an average air change per hour of 0.2 ach Jound
the unocewpied and cccupicd dwelling 10 comain an wverage formaldehyde con-
ventrutien ol 8O pg/m* (0087 ppmj and 240 pgim® (1.2 ppm), respectavely, New
muhile homes with wir chunge rates of 016 ach were found 1o contain 40=2,900
pg CHLOMm® (Q.U3=2.4 ppm) (Mawonal Rescarch Council, 19810} Irriation of
the ¢yes, throal wnd Tungs, respirstory disorders, wnd allergies have been associated
with high Tormaldehyde concentrations (Porter, 1975, Rosienberg of al, 1953
Ruth, 1969, Shiphovite, 1968, Tabershaw et al,, 1979, Vehara, |973; Wiy ne ¢l
al., 1976,

MNASA ul the National Space Technology Laharatories in Mississippm hus con-
ducied researcl tor many years using natural processes for waste recyclng and
o punficittion ard revitalization tor closed ccological life-su FHEaET Sy sleims [ Wal-
veran, 1950, 1942, Walvenon und MeDonald, 1981). Recenily, research ut ths
labarianery hes oo Jireated towand Lhe develupment of & ological air-purniiis
Calbioen sy st bor closed syslems such ds space stitions and cncrgy-cihicient homes
using houseplanis that produce abundant loliage, This repon presents data from
Whis progect, Thae comman spader plant (O oo v ol im (ALY (B war,
viraim o) (MeDonald 010990, USabMI), golden pothos (Seindapsis dureus
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Fig. 1. Fleseples st chamber sontaining golden poihos [Sondapsus durtid)

(Landen & André) Engl) (Mefonald 011943, USoMI)L and neplaliylis (5 pngeti
wint podopfptiom Sehot M cPronald 01 3944, USaMI} low light-requiring house-
plamis, were enclosed under controlled enviranmental condibions

EXFERIMEFHTAL MET IO ARND SMATERIALS

A clear, cubical chamber (Fig. 1), mensuring 73,7 em on each inside edge and
constructed of 12,7 mm (0.5 in} thick Plexiglas, wus used 1o contain the plants
i o seuled envirsnment, The fop was remosvalle and fed with o rubber gaskel
and clamps 10 provide an airight seal. Allached 1o the wp was a copper conl
through which water maintained at 20°C was continuously circulated in order 1o
regulate the temperatere and humidity inside the chamber. The arvificial hghts
were General Eleetrie wide spectrum growih lights that remaned on continuously.
The average irradiance on the leal surface of the planis through the Plexiplas top
wik 1,300 lux (325 o) A haltery-operated lim wis placed in the chamber for
cuntimuous air circulation. A special ponhole fitted with a seplum was used 1o
sert a Dendia disposable carvidge for monitonng formaldehyde inair with the
aid of o Bendix calibrated hand pump dessgned for that purpose. The deteciable
concentration range of the Dendin cartrdge is 2=20 ppm formaldehyde.

The mir in the chamber was contaminated with formaldehyde by pumping o
el the chambber v a gas scrubibnng apparaius Falb- N ed warh a 37 foemaldehyde
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solution. The chamber formaldehyde concentration was manipulaled by varying
the length of time that air was bubbled through the fermaldehyde solution.

Afler contamination, the chamber was allowed Lo equilibrate lur 5 min and the
initial formaldehyde concentration mensuned, The formaldehyde concentration
was periodically analyzed in the same manner from thal point en.

The chamber temperaturd from a thermameter placed indide the chamber and
Lthe barometric pressure were recorded al the time ol cach Tormaldehyde mea-
suremient, 11 was assumed that the pressure inside the chamber was equal 1o the
utmospheng pressune.

The plants used in these expeniments weie acclimaled lor several weeks to
approximately the same environmental conditions of lighting and temperature 1o
minimize any sieess resulting from the closed envirenment. The volume ol each
pot wus estimaled by measuring he volume of water that & similar pol could
hold, The tonal leal surface area of cach plant used in these expeniments was
determined by tracing the shape of each leal on paper of unilorm COnSISIENCY,
cutting the tracings out and weighing Wem, The surface anea was calculated lrom
the toral weight of the tracings and the averuge cm®/g of the paper,

Control eaperiments were conducted prior to placing plants in the system. These
EAPErMEngs were conducted with all the equipment in place excepl plants, Con-
trols with and without puts containing soil were conducicd 1o determine Lhe degres
poLling $0i] containing Microorgilnisms acts a5 o sink in sorbing formaldehyde.
The air was contaminated with formildehyde and monitored initially und afier
& and 24 h, The system praved 10 be aimight with no loss of lurmuldehiyde in the
plani.frze und paot-free formaldehyde control experiments,

Expenments were then conducied with Seomlupius cureus, Spengeniimn podi-
it and Chforopfiytun elatum var vittataer, Inocach eaperiment, 2 plams
ol the same species potted i contamnens with 38 1 {1 gal) volumes tach wire
enclosed in the ehamber. The elfective volume of contaminawsd air (V) was
cileulited o aceount for il items Uiat reduced the chamber void volume escluding
the volume of the emergent leal biomass. The V,, was corrected 1o STP [standard
Lo perature, O or 2TVR PR = T, + 278, und pressure, 7ol mm] ucconding
o the gas low relationship of:

HESULTS ARMD S0 LSSIN

The ficst 2 siets of experiments wirg performed 1o verily sysiem closure amid
determime The sorbanee cupucily of the pottimg sl The emply chamber proved
o be etfectively sealed by its abuliy W mamiain a constant formaldehyde con-
contrution oF 17 ppm over o 240 penod as shown an Table 1. The second set ol
experiments i which 2 pots illed with a commercial potling suil mis demon-
sipatead il the potting sl wolld sorb fermaldehyde Trome ar By reducing the
lormaldelyde from 15 w 1O ppmoin 24 h. The resulls are consistent with those
of other investigators in wheh soil 48 conhnmed W act s 4 sink lor carbon
moneasde and other gases and volaule chemicals (Smith e al., 1973) Foming soil
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Tasie 1. MEAN DATA FOR CONTROLS (WITH AN WITHOUT S0OIL-FILLED PTS] AND FOLLAGE
PLANT EAFREHIMEMNTS,
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is nof g sterile medivm, Consegquently, the notural miceolual population will
metabolize nonrefractive organics such as formaldehyde and restore Lhe soil’s
Capitily L sorh orgainics.

The formaldehyde concentration in the chamber decreased by 50% 1o 9 ppm
with the Sefmdupsus aurews and Spagongnn podophiffam in the st 6 b and
leveled off at & ppm during the exposure period between 6 and 24 b In the tirst
et of expariments with Chforophatn elatwm var, vitatuen, the Tormaldehyde
concentration decreased rapdly Irom 14 10 2 ppmin 6 hoand below the deteclion
Limid of 2 pyoi i Che intervol between & and 24 b, Due (o these unes peciod resilis,
unother sel of experiments were condugted with the Chforophyienm elalum var.
wittartaieer in which the formaldehyde iniial concenralion was ingreased o 37
ppm. Aller & and 24 h, the formaldehyde measured 8 and <2 ppm, respectively

The dotal masy of foeroealdebiyde in the chanmber atmosphere an each manniaring
imerval was computed in Table 2. One wl of formaldehyde an ST has a mass of
339 ug. Seimdapsies aueeis and Syagoeain podephyflim can sorb and/or ¢llect
the removal of 046 and 0.50 pg CHOf%m? leal lssue area, respectively, in o &-h
plistiperiod, The Clforopdotam ofaiung viar vittetim elfeeted 4.7 nwes o
lurmaldehyde removal or .27 pgeem® than ¢ither of the other 2 species studlicd

= Tapiii Y, TOTAL FoRMALIDY I MASS ARIF THE CHAMGE I MASS [0 AT EAUN [NTHRVAL
L ARIE LEAF TInSLE,

A 1 EElfhps dide

Towidl mamdidriizda s} Bl ki, i C0
[Ty Th “ah ah e EL
Cantmls st s B, 280 ERET] L L 1] = -
Culiala s puili T LA 5,720 4 TnT - -
Nomduprut gareud 542 4, 2k K4 b 1 fe |
Simpumem pedogieiiue 3,558 4,178 1 M52 1. 54 Y
€ hdorian ARt fRafiion wad
T e
LTl | b 474 Al LY | il AhHl &

s20 2 17,764 Lads w bl N =104

—




120 L LAMRIAIL b ANy 1%Lk, b

10 date wnder 1he same conditions, ln addivion, Chlorophyiem efainm var, vir-
tertuerr is capable of sorbing samospherie formaldehyde down w lower [evels,

A discussed in the introduclasn, i represenlilive ul'n:m‘_.r-ulhumm hme with
furnilure was found 10 sustain an averige formaldehyde concentrmtion of 240 pg/
m with an 0.2 ach, Therelore, an an average, 48 pg'm are ouigassed every hour
or 1,152 pp CHO/mYd, An average home of 167 m?® heated arca with 2.5 m
ceslings (1L B00 17 with 8- eeilings) has a toial volume of 414 m® o i

Based on 2,27 ng of formaldehyde removal per r:mE of leaf surface
area with 7,086 cn® per plant approximately 15 spider plants rather
than 70 plants could possibly be used.

T wOEITE ChEnncals as elheiemly as the spader plane.
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